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ABSTRACT 
 
This study investigated the esterification of high free fatty acid (FFA) Jatropha curcas (J. curcas) 
seed oil (6.3 to14.6 %) to produce biodiesel using sulphuric acid with reaction parameters 1% 
H2SO4, 600 rpm at 60 
oC and one hour reaction time. At methanol to oil ratio 3:1, FFAs were 
reduced to 4.73% with conversion 45%; at 6:1 methanol to oil ratio, FFAs were reduced to 2.31% 
with conversion 72%; at 7.5:1 methanol to oil ratio FFAs are decreased to less than 2% with 
conversion ≥85% and there is no considerable difference when increasing methanol to oil ratio to 
9:1. Hence the optimum methanol to oil molar ratio is 7.5:1, moreover, the esterification process 
is not affected by the initial FFA. 
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INTRODUCTION 
 
     Biodiesel is a simple alkyl ester that can be commercially produced through transesterification 
of vegetable oils with short chain alcohols in the presence of an alkali catalyst. It is a renewable 
and environmentally friendly alternative fuel (Yuan et al., 2009; Wang et al. 2010; Noureddini et 
al., 2009; Ngo et al., 2010; Tang et al., 2010). 
In developing countries, biodiesel fuel has received renewed interest as a renewable energy source 
due to increasing environmental concerns. The main obstacle to biodiesel production is its high 
cost compared to production of petroleum; one way of reducing the biodiesel production costs is 
to use the less expensive feedstocks such as inedible oils (Hayyan et al., 2010; Veljkoive’ et al., 
2006). It was reported that J. curcas is one of the most promising plants for biodiesel production 
(Rao et al., 2009; Azam et al., 2005). 
J. curcas belongs to the Euphorbiaceae family. The origin of J. curcas was Maxico and Central 
America, but now it is widely present throughout Central America, Africa and Asia especially in 
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tropical and subtropical countries (Becker and Makkar, 2008; De’Oliveira et al., 2009; Abdullah 
et al., 2013). J. curcas has a high oil content (40%), the main fatty acids of J. curcas oil are oleic 
and linoleic acids; on the other hand J. curcas oil contains 75% of unsaturated fatty acids 
(Madarasz and Kumar, 2011; Abdelrahman et al., 2014, Abdelrahman et al., 2017). 
Transesterification of vegetable oils with high FFA and moisture content has negative effects, 
which include soap formation, catalyst consumption, and reduction of catalyst effectiveness; these 
result in a low biodiesel yield, thus, more catalyst is required to neutralize FFA (Demirbas, 2007; 
Kusdiana and Saka, 2004; Goodrum, 2002; Crabbe et al., 2001; Ghadge and Raheman, 2005; 
Canakci and Greppen, 1999; Veljkoviè et al., 2006 Bojan and Durairaj, 2012). This work is aimed 
to study the acid catalyzed esterification of J. curcas oil for biodiesel production. 
 
 
 
MATERIALS AND METHODS 
 
J. curcas seed was obtained from Western Sudan (Abu Karshola) and the oil was extracted 
mechanically in a bench scale expeller (OEKO TEC- IBG MONFORTS, Type CA 59 G, 2006, 
Machine No. 20 201550- Germany). FFAs were determined according to the American Oil 
Chemists Society (AOCS) official method Ca 5a-40. Saponification value was determined 
according to the AOCS official method Cd 3-25. Moisture and volatile matter were determined 
according to the AOCS official method Ba 2a-38. The average molecular weight of oil was 
determined using the following equation: 
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Where: 
SV: Saponification Value (mg KOH/ g oil); AV: Acid Value (mg KOH/mg); 56.11: The molecular 
weight of KOH. 
 
Experiments were carried out in a 1000 ml three-neck round flat bottom flask, equipped with a 
reflux condenser; the flask was placed on a hot plate equipped with a magnetic stirrer and 
temperature controller. J. curcas oil was dried by heating to 110 oC, and cooling to 60 oC. Different 
methanol to oil molar ratios were used (3:1, 6:1, 7.5:1 8:1 and 9:1) to investigate the effect on the 
acid catalyzed esterification process. Concentrated H2SO4 (1% based on the oil weight) dissolved 
in methanol was heated to 50 oC, and was then added to J. curcas oil at 60 oC for one hour reaction 
time at 600 rpm. The mixture was then allowed to settle for two hours, and the methanol-water 
(top layer) was removed. The FFA of the pretreated oil was determined.  
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RESULTS AND DISCUSSION 
Table (1) and Figure (1) show the effect of methanol to oil ratio on the esterification; high FFA 
range of J. curcas oil were used (6.3-14.6%). The saponification value of the oil varies from 185.4 
to 199.5 mg KOH/g oil, the average molecular weight of J. curcas oil is in the range of 932-982 
g/mole, oil moisture content range is 0.2-0.3%. 
Table (1): The effect of methanol to oil molar ratio on the esterification process at: 1% 
(w/w) H2SO4, 60 
oC, 600 rpm for one hour. 
 
 
FFA (%) 
Initial  
 
Molar ratio 
(w/w) 
 
FFA (%) 
after reaction  
 
Conversion (%) 
 
8.6 
 
3:1 
 
4.73 
 
45 
8.54 6:1 2.31 72 
8.6 9:1 0.95 88.95 
6.8 6:1 2.24 67.1 
6.3 7.5:1 0.95 84.9 
6.43 7.5:1 0.94 85.3 
6.6 8:1 0.9 86.4 
6.3 9:1 0.83 86.8 
6.48 9:1 0.9 86.1 
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Figure (1): The effect of methanol to oil molar ratio in reducing  
 FFA in the esterification process 
 
FFAs were reduced by increasing methanol to oil molar ratio. At lower molar ratio (3:1), a few 
amount of water was separated at the bottom; that means the esterification process is not complete 
due to insufficient amount of reactants. At 6:1 molar ratio, three layers appeared (water layer at 
the top, middle untreated materials layer, and ester layer at the bottom) and the FFAs were reduced 
to about 2.31% which is still higher than 2%, whereas at 7.5:1 molar ratio, two layers were 
observed, water layer at the top and ester layer at the bottom, FFAs were reduced to less than 2%, 
similar results were obtained by Berchmans and Hirata (2008). There were no corresponding 
decreases in FFA with increasing methanol to oil ratio to 8:1 and 9:1. Therefore, optimum molar 
ratio is observed at 7.5:1 for esterifying high FFA J. curcas oil for biodiesel production. 
 
 
 
Table (2) shows the effect of initial FFA ranged from 6.3-14.6 % on the esterification process at 
optimal reaction parameters; 7.5:1 methanol to oil molar ratio, 1 w/w% H2SO4, 600 rpm for one 
hour at 60 oC, FFAs were reduced to less than 2%. Therefore, the initial FFA has no effect on the 
esterification process. 
 
Table (2): The effect of initial FFA on the esterification process  
 
FFA (%) 
 
Conversion (%) 
 Reducing FFA
at average
FFA=8.5%
Reducing FFA
at average
FFA=6.5%
Conversion at
FFA=8.5%
Conversion at
FFA=6.5%
%
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Initial After reaction 
6.3 0.95 84.9 
6.43 0.94 85.3 
9.3 0.9 90 
9.44 0.69 92.7 
9.5 0.67 92.9 
9.61 0.69 92.8 
 
10.27 
 
0.78 
 
92 
11.4 1.37 87.98 
11.45 1.19 89.6 
11.6 0.87 92.5 
12.27 0.81 81 
12.99 0.98 89.6 
14.6 1.2 91.8 
14.5 0.73 95 
 
Note: Reaction parameters; 7.5:1 methanol to oil molar ratio; 1% H2SO4; 600 rpm; one hour; 60 
oC 
 
CONCLUSIONS 
 
The esterification process is an effective method for the treatment of high FFA J. curcas oil before 
alkali transesterification. The esterification process is not affected by the initial FFA. Optimum 
reaction parameters for the esterification process are 7.5:1 methanol to oil ratio, 1% H2SO4, 600 
rpm, 60 oC and one hour reaction time. 
 
ACKNOWLEDGMENTS 
 
This work was conducted under the financial support of National Oilseed Processing Research 
Institute (NOPRI) - University of Gezira and DAAD. We also wish to gratefully acknowledge 
International Islamic University Malaysia (IIUM) and University of Malaya- Centre for Ionic 
Liquids (UMCiL) for their support. 
 
 
EDITORIAL  
 
 
Gezira Journal of Engineering and Applied Sciences vol 13 (1)2018 
vol 13 (1) 2016 
 
Gezira Journal of Engineering and Applied Sciences vol 13 (1)2018 
vol 13 (1) 2016 
 
 
REFERENCES 
 
Abdelrahman M. A. A., Yassin A. A. A., Hussein I. H., and Abdalla B. K., (2014), Stability of 
J.curcas Biodiesel [JCB]. Pinnacle Engineering and Technology. Vol. 2014, Article ID pet. 
117. 
Abdelrahman M. A. A., Yassin A. A. A., Hussein I. H., Mirghani M. E. S. and Abdalla B. K., 
(2017), Gezira j. of Eng. & Applied Sci., Vol. 12 (1):58-66.  
Abdullah B. M., Yusop R. M., Salimon J., Yousif E., Salih N., (2013), Physical and Chemical 
Properties Analysis of Jatropha curcas Seed Oil for Industrial Applications. World 
Academy of Science, Engineering and Technology, International Journal of Chemical, 
Molecular, Nuclear, Materials and Metallurgical Engineering Vol: 7, No: 12. 
Azam M. M., Waris A., Nahar N. M., (2005), Prospects and Potential of Fatty Acid Methyl Esters 
of Some Non-traditional Seed Oils for Use as Biodiesel in India. Biomass Bioenergy 29: 
293-302. 
Becker K. and Makkar H. P. S., (2008), Jatropha curcus: A Potential Source for Tomorrow's Oil 
and Biodiesel, Lipid Technol. 20:104- 107. 
Berchmans H. J. and Hirata S., (2008), Biodiesel Production from Crude Jatropha curcas L. Seed 
Oil with a High Content of Free Fatty Acids. Bioresource Technology 99: 1716- 1721. 
Bojan S. G. and Durairaj S. K., (2012), Producing Biodiesel from High Free Fatty Acid Jatropha 
curcas Oil by A Two Step Method- an Indian Case Study, Journal of Sustainable Energy and 
Environment 3: 63-66. 
Canakci M. and Van Greppen J., (1999), Biodiesel Production via Acid Catalysis, Transactions 
of American society of Agricultural Engineers 42/5: 1203-1210. 
Crabbe E., Nolasco-Hipolito C.N., Kobayashi G., Sonomoto K., Ishizaki A., (2001), Biodiesel 
Production from Crude Palm Oil and Evaluation of Butanol Extraction and Fuel Properties, 
Process Biochemistry 37: 65- 71. 
 
Demirbas A., (2007), Biodiesel from Sunflower oil in supercritical methanol with calcium oxide. 
Energy conversion and Management, Vol. 48(3), PP. 937- 941. 
De’Oliveira J. S., Leite P. M., De Souza L. B., Mello M.V., Silva E. C., 
Rubim J. C., Meneghetti S.M.P. & Suarez P.A.S., (2009), Characteristics and composition 
of Jatropha gossypiifolia and Jatropha curcas L. oils and applications for biodiesel 
production. Biomass and Bioenergy 33:449-453. 
Ghadge S.V., Raheman H., (2005), Biodiesel Production from Mahua (Madhuca indica) Oil 
Having High Free Fatty Acids, Biomass Bioenergy 28: 601- 605. 
Goodrum J. W., (2002), Volatility and Boiling Points of Biodiesel from Vegetable oils and tallow, 
Biomass Bioenergy, 22: 205- 211. 
EDITORIAL  
 
 
Gezira Journal of Engineering and Applied Sciences vol 13 (1)2018 
vol 13 (1) 2016 
 
Gezira Journal of Engineering and Applied Sciences vol 13 (1)2018 
vol 13 (1) 2016 
Hayyan A., Alam M. Z., Mirghani M. E. S., Kabbashi N. A., Hakimi N. I. N. M., Siran Y. M. and 
Tahiruddin S., (2010), Sludge Palm Oil as a Renewable Raw Material for Biodiesel 
Production. Bioresource Technology. 101: 7804-7811. 
Kusdiana D. and Saka S., (2004), Effects of water on biodiesel fuel production by supercritical 
methanol treatment. Bioresource Technology. Vol. 91, PP. 289-295. 
Madarasz J., Kumar A., (2011), Stability of Biodiesel from Non Edible Oils. International Journal 
for Energy Science.vol.1 no.3 page: 186-191. 
Ngo H. L., Zafiropoulos N. A., Foglia T. A., Samulski E. T. and lin w., (2010), Mesoporous Silica 
–Supported Diarylammonium Catalysts for Esterification of Free Fatty Acids in Greases, J. 
Am. Oil Chem. Soc. 87: 445-452. 
Noureddini H., Bandlamudi S. R. P. and Guthrie E. A., (2009), A Novel Method for the 
Production of Biodiesel from the Whole Stillage Extracted Corn Oil. J. Am. Oil Chem. Soc. 
86:83-91. 
 
Rao K. S., Chakrabarti P. P., Rao B. V. S. K. and Parasad R. P. N., (2009), Phospholipid 
Composition of Jatropha curcus Seed Lipids, J. Am. Oil Chem. Soc. 86:197- 200. 
Tang H., De Guzman R., Salley S. and Ng K. Y. S., (2010), Comparing Process Efficiency in 
Reducing Steryl Glucosides in Biodiesel, J. Am. Oil Chem. Soc.,87: 337-345. 
Veljkovié V. B., Lakicevic S.H., Stamenkovic O.S., Todorovic Z.B., Lazic K. L., (2006), 
Biodiesel Production from Tobacco (Nicotiana tabacum L) Seed Oil  with A High Content 
of Free Fatty Acids, Fuel, 85: 2671- 2675. 
Wang H., Tang H. and Sally S., (2010), Analysis of Sterol Glycosides in Biodiesel Precipitates, 
J. Am. Oil Chem. Soc., 87: 215-212. 
Yuan H., Yang B., and Yang J., (2009), Predicting Properties of Biodiesel Fuels using Mixture 
Topological Index, J. Am. Oil Chem. Soc., 86: 375- 382. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  LAIROTIDE
 
 
 8102)1( 31 lov secneicS deilppA dna gnireenignE fo lanruoJ arizeG
 6102 )1( 31 lov
 
 8102)1( 31 lov secneicS deilppA dna gnireenignE fo lanruoJ arizeG
 6102 )1( 31 lov
 
 
 أسترة زيت الجاتروفا كركاس عالي الأحماض الدهنية الحرة لإنتاج الوقود الحيوي 
 
 ،إسماعيل حسن حسين، عاطف عبد المنعم أحمد ياسين، مها عبد الرحمن عبد المولي عبد الرحمن
 محمد الواثق سعيد ميرغني ، بابكر كرامة عبد الله
 
 ملخص ال
 
-6.3تهدف هذه الدراسة إلى التحقق من أسترة زيت بذور الجاتروفا كركاس عالي الأحماض الدهنية الحرة (          
 63من الزيت), في ظروف التفاعل  w/w %6)% في إنتاج الوقود الحيوي باستخدام حمض الكبريتيك المركز(3..6
انخفضت الأحماض الدهنية  6:6ول إلى الزيت عند نسبة الميثان دورة في الدقيقة لمدة ساعة واحدة. 663درجة مئوية ،
, انخفضت الأحماض الدهنية الحرة إلى 3:6), عند نسبة الميثانول إلى الزيت %4.بنسبة تحول ( % 6...الحرة الي 
 1, انخفضت الأحماض الدهنية الحرة إلى أقل من 4..:6), عند نسبة الميثانول إلى الزيت %1.بنسبة تحول ( % 66.1
الأحماض الدهنية الحرة عند زيادة نسبة الميثانول إلى وليس هنالك تغير معتبر في انخفاض  ),%58≤ ( ل بنسبة تحو  %
 أثبتت الدراسة أن عملية الأسترة لا تتأثر  4..:6, لذا تعتبر نسبة الميثانول إلى الزيت 1:6الزيت إلى 
ً
هي الافضل, أيضا
 روفا.بنسبة الأحماض الدهنية الحرة الابتدائية لزيت الجات
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